Activity was measured spectrophotometrically at 340nm in 0.06M-potassium phosphate buffer, pH 7.0 (25"C), containing ~~O~M -N A D H and 300m~-acetaldehyde. Activity was also measured with a number of alcohols by using 500mM-alcohol and 1 mM-NAD (also in pH 7.0 phosphate buffer).
Activity was measured spectrophotometrically at 340nm in 0.06M-potassium phosphate buffer, pH 7.0 (25"C), containing ~~O~M -N A D H and 300m~-acetaldehyde. Activity was also measured with a number of alcohols by using 500mM-alcohol and 1 mM-NAD (also in pH 7.0 phosphate buffer).
Preliminary studies show the highest activity with unbranched secondary alcohols, such as propan-2-01, with approx. 320% activity relative to ethanol (loo%), although it will catalyse reactions involving the primary alcohols (except methanol) and a number of branched alcohols such as 2-methyl-propan-I -01 and 2-methyl-propan-2-01. The enzyme also catalyses reactions involving the substrate 3-methyl-pentan-1 ,S-diol (to approx. 23% activity relative to ethanol) which Jones & Beck (1976) used in the production of the pentanoic acid lactone. It appears that this enzyme may have some suitable properties, similar to those of the horse liver enzyme, which could have useful application. N-Nitroso compounds have been implicated in the causation of human cancer, particularly of the stomach and urinary bladder (Hicks et al., 1977; Ruddell et al., 1978 , Schlag et al., 1980 . Since precancerous stages of these conditions are often associated with bacterial overgrowth there is speculation that these compounds may be formed by bacterial catalysis within the body.
The simplest chemical mechanism of formation of N-nitroso compounds is by acid-catalysed reactions between nitrite and secondary amines, amides and alkylureas, the pH optimum being between 2 and 3 depending on the base (Mirvish, 1975) . The reaction rate decreases rapidly as the pH approaches neutrality.
Under such conditions of neutral pH any significant bacterial catalysis of N-nitrosation at sites within the body could have clinical significance as a consequence of the subsequent elevation of N-nitroso compound levels. There is much early work (Sander, 1968; Hawksworth & Hill, 1971 Kunisaki & Hayashi, 1979; Ralt & Tannenbaum, 198 1) demonstrating the bacterial catalysis of N-nitrosation, but much of this work was hampered by inadequate pH control and lack of sufficiently specific detection methods (Ralt & Tannenbaum, 1981) . More recent work using more specific detection methods has provided much stronger evidence for the bacterial catalysis of this reaction (Garber & Hollocher, 1982; Suzuki & Mitsuoka, 1984) .
This study was designed to pursue this further by using the specific (thermal energy analyser) detectors presently available (Fine & Rounbehler, 1975) .
Certain clinical isolates of Escherichia coli were shown to be well able to catalyse the N-nitrosation of three different secondary amines (morpholine pK, = 8.7; piperidine, pK, = 11.2; N-methyl piperazine, pK, = 9.8,s. 1 1) at neutral pH. In these experiments resting cells (harvested at stationary phase into 0.9% NaCI) were added (c. 1 mg/ml of protein) to the appropriate base and nitrite concentrations in 0.1 M-phosphate buffer. All experiments were of short duration ( < l h ) in the absence of growth media and consequently avoided artefacts due to any acidification (no measurable change in pH was observed).
In all cases the background levels of nitrosamines found in control tubes not exposed to live bacteria were used to correct for background chemical rates of reaction.
The bacterial N-nitrosation reaction proceeds linearly with time and is dependent on both nitrite and base concentrations. Lineweaver-Burk plots of the kinetic data show a good linear relationship up to high concentrations of both substrates when the phenomenon of substrate inhibition is observed (>0.1 M-nitrite; > 0 . 0 5 8 4 . 1 0 4~-morpholine). Below inhibitory concentrations of substrates the plots show the data to be approximately in accord with a double displacement ('ping-pong') type bisubstrate reaction (see Fig. 1 ). The three bases used each showed distinct pH optima (morpholine, 6.5; piperidine, 7.25 azine, 6-6.25) in the range 6-8, in contrast to the acidcatalysed reaction, pH optimum 2-3.
The kinetic and pH optima data are all in accord with the observed bacterial catalysis being due to the action of some bacterial enzyme or enzyme system. This is further supported by the observation that heat-killed cells, cell suspension supernatants and sonicated cells of positive nitrosating bacterial isolates all show no activity. The observation that sonicated cell cease to show any activity also implies either that intact cells are necessary or that the enzyme(s) responsible is very labile.
It has been found that only some clinical isolates of E. coli show any measurable activity in the assay, and so far the five clinical gastric isolates (presumptive identification : two Veillonellae, one Streptococcus, one Bifidohacteriurn and one Clostridium) investigated all showed no activity.
The bacterial catalysis of the N-nitrosation of three secondary amines has been demonstrated by the results presented here. The kinetics of this reaction are markedly different from those observed for the acid-catalysed reaction and consequently the bacterial catalysis of this reaction may be of clinical significance in the endogenous synthesis of N-nitroso compounds and more speculatively in the causation of certain human cancers.
The rates derived by bacterial catalysis so far have been quite low and involved the use of high cell densities ( > 2 x lo9 cells/ml) this, however, may reflect the poor metabolic state of the cells. Means of enhancing the observed rates of reaction are being investigated, including the use of continuous culture models of the infected stomach and urinary bladder, in order to more realistically assess the clinical significance of bacterial N-nitrosation reactions.
Also important in this assessment will be the results of a more extensive survey of the nitrosating ability of gastric and urinary isolates of bacteria.
